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(54) Process of producing graphite fiber 

(57) A process of producing graphite fiber compris- 
ing a generation of the fiber by chemical vapor deposi- 
tion method using organic metal compound which 
includes catalyst metal as raw material, characterized to 
use less reactive substance as a substrate and previ- 
ously to stick carbon or metal at specific position of the 
substrate. And a process of producing graphite fibers by 
chemical vapor deposition method comprising an use of 
fine particles of nickel, iron or cobalt as catalyst and an 
use of organic compound as raw material, character- 
ized generating the fibers at the range of temperature 
between 650°C and 800°C. 
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generates graphite fiber on th substrate by said reaction. Cobalt, nickel, iron and these alloy are used as metal which 
acts as the catalyst. In this invention, the following compounds can be used as the raw material That is th organic 
compound having an adequate vapor pressure for CVD. or the metal-organic compound including sad metals which act 
as catalyst can be used. Concretely, organic compounds not including metal such as orthomethyldiallylketone family or 
5 it's derivatives, phthalocyanine compounds and metallocene compounds which indudes metal catalyst can be prefera- 
bly mentioned, however the scope of this invention is not intended to be limited to them. The said less rWctive sub- 
stance which can be used as the substrate in this invention is the substance which does not participate in CVD reaction 
of this invention and also does not read with metal at reacting temperature, and concretely is quartz, alumina oxidized 
silicon, or the like. And on the surface of said substrate carbon or metal is stuck, then the graphite fiber is generated at 
10 the said stuck point alone. In the expression of 'carbon or metal" of this invention, the term of "metal" indicates a tran- 
sition metal and preferably indicates a metal of iron or platinum family, and concretely cobalt platinum or the like can 
be mentioned. It is not necessarily to agree the kind of metal included as a component in the raw material organic metal 
compound with the kind of metal stuck on the surface of substrate. 

In this invention, the graphite f ber is produced on the substrate on which carbon or metal is stuck by using vacuum 

is evaporation or CVD method. Although the heat treatment temperature is different by the vapor pressure of raw material 
for instance is about from 50°C to 400* C And. the substrate must be heated, but the necessary temperature is different 
by the kind of raw material and generally is concentrated about within the range from 600°C to 1000°C And especially 
preferred within the range from 700°C to 850*C. Desirable atmosphere of the reacting space is in a condition of inert 
gas e.g. argon, nitrogen or the like and at a pressure of under latm. or the less, or in a vacuum condition 

20 At the surface area of substrate on which the generation of graphite fiber is intended, carbon or metal is previously 
stuck. As the method for sticking previously carbon or metal, following methods can be mentioned. That is. after prepar- 
ing the layer of photo resist resin on the surface of substrate, necessary pattern is written by photo-lithographical tech- 
nique, then heated, carbonized and carbon is stuck on the surface of substrate. Or. after metal layer is vaporized on the 
surface of substrate, and the obtained metal layer is processed to form the pattern of narrower lines than 1 M m width or 

25 dotted pattern or other necessary pattern by photo-lithographical technique. In the case of the metal thin layer, there is 
no limitation on thickness, however, in the case of carbon thin layer, the desirable thickness is thinner than 50nm. If the 
pattern is like a particle, in the case of carbon, the size is desirably smaller than 50nm in diameter. 

Further, the following preparation method of the substrate can be mentioned. The thin layer of carbon or metal and 
the thin layer of less reactive substance is stacked mutually. And a part of outer surface layer made by less reactive sub- 

30 stance is removed so as to partially expose the layer of carbon or metal. By using said substrate having stacked layer 
the following effect can be expected. That is, if the applied carbon or metal has electrical conductivity, since the graphite 
fiber is generated at the inner layer of carbon or metal, the generated graphite ffoer is electrically connected. 

In this invention, the case which uses nickel metal as the catalyst is disclosed in detail below. The use of fine par- 
ticles of nickel as the metal catalyst, promises the possibility of producing graphite f ber without using organic metal 

35 compound as the raw materials and by mild reacting condition of 650°C to 800°C. 

The important point of this invention is explained as follows. That is. in this invention, the process of producing 
graphite f bers is composed by using fine particles of nickel as a catalyst using organic metal compound as a raw mate- 
rial and producing graphite fibers by means of CVD method, wherein characterised by generating graphite fibers on fin 
particles of nickel within the range of temperature between 650°C and 800°C. And. as the fine particles of nickel cata- 

<o lyst. it is desirable to use the fine particles of nickel which is prepared in vacuum or in non-oxidation atmosphere by heat 
treating the thin film of nickel formed on the surface of substrate and by coalesing and granulating it on the substrate. 
And to carry out easily the coalescence and granulation of nickel.it is desirable to prefer the less nickel adhesive sub- 
stance as the substrate. 

Namely, in this invention, fine particles of nickel metal are used as the catalyst for producing graphite ftoers. and 
45 the fine particles of nickel metal are used by being dispersed on the surface of substrate. 

Furtheremore. when the metal-organic compound are used as the raw material, it is possible to produce the fibers 
which involve large amount of metal. 

The process of producing graphite fiber of this invention is schematically illustrated with the accompanying drawing. 
In figure 1 f nickel evaporated film "b" is prepared on the surface of substrate "a" (i). then is heated at the temperature 
so of 700°C around. Since nickel is less adhesive with the substrate, the nickel evaporated film V is scattered as nickel 
fine particles "c" on the substrate fri). The said fine particles of nickel "c" scattered on the substrate are used as the cat- 
alyst and crystals of graphite are generated by means of CVD method. The crystals of graphite generated at the nickel 
fine particles "c" scattered position and the graphite ftoers are produced (Hi). Consequently, in this invention, it is possi- 
ble to produce the graphite f ber at desirable position by the selective positioning of the nickel metal fine particles on the 
55 surface of substrate. 

In this invention, it is necessary to disperse the nickel metal fine particles. To disperse the nickel metal fine particles, 
the substance which is less adhesive with nickel metal is preferred as the substrate and nickel film is prepared on the 
surface of said substrate. Since the condensing force of nickel itself is stronger than the adhesiv force of nickel with 
the substrate, when it is heat treated nickel is granulated and dispersed over the surface of substrate. In this invention. 
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h-J 1 " S ^2 at8 USed ^ ^ EXample iS qUartZ 9laSS ' 3nd rtckel evaporated film of 5nm thickness is preoared on it 
Highly purified argon gas can be supplied to the reacting tube trouah flow control!^ 7 tI^Tt! fTr 
reacting tube an evacuate equipment 9 is installed trough a^ve^lo «SSSJ"^ * ^ * *" 
temperature of the part in which the raw materia, is pSd i Si "lS5 1211^2^ ? ZT* ^ ^ 

PuS^ga^ 

generation of graphite fiber involving fine particles of nickel can be observed Tta22 1 Z , * 
Raman scattering spedrura According toSe resulting cTrt^tm^n ^ SrZlt 

ni"" 01 *" *• 9enerati °" 01 ^ -^K^^^SS 

ScetoS^rTf 6 <S } ^r 3 ' 0 " th6 9en6rati0n * TOny ,ibrous «• confirmed ^ouslut 

stenceis observed by Transmiss.on Electron Microscope (TEM).itis understood that the each fiber is hollow riSv 

carbon nano-tube. So. hereafter the term of carbon nano-tube is used in this invention 

The reason why above mentioned reaction is occurred is investigated by the inventors and it become clear that th» 
*" * C0nC6ntrated ,ite Sma " is,an * the irXrva. of terrperate t ^eZ^na^Z 
Vl^^T °' ^ b6C0me ,he 01 carbon nano-tube gtnera'on ^ 

and ^ "^lVT2f P,3Ce - ,h3t * ,he reaC,i " 9 ««Wure is varied from 300'C to 1000'C 
andthe generation 0 carbon nano-tube is observed. It is found out that the adequate temperature for the generation of 
carbon nano-tube is limited within the range between 650°C to 800'C 'emperaiure tor me generation of 

™ ™ e ^!L imem j; to reduce ,ne Dress « r « °< ^acting tube to the lower level than latm. are carried out and it is rec- 
ognnd that the carbon nano-tube can be generated at the pressure of O.Olatm. as we., as 'Z »U 
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Example 2 is concretely illustrated with reference to figure 5. 

Figure 5 is a schematic view of an apparatus used in Example 2. Quartz reacting tube 4 can be evacuated to the 
pressureleve. of io«Pa by using evacuate line 29 with turbo molecular pump. Raw £££ , Z^ute^stvZ 
*• quartz reacting tube. A kind of raw material is same to that of ExampleVand ateo the saroe^raTeTs us^ M~ 
T^eTJ^Zi ^ 3 3re Set ' inside * tubeVevaouated to 1 0 4ZS SHSSlXiS 

* SUbStra,e 3 is risen to 700 ° C the tem£r*JrI JZJiElS 
risen to WC. Raw matenal is evaporated and reacted on substrate 3. Product by the reaction is '£^fitato"£ 

EXAMPLE 3 

Same apparatus to the Example 2 is used except using the substrat having patterned nickel evaporated thin film 
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terns can be understood to have a characteristic of fine particles. Substrates having those patterns are used for *. 
e^enments to generate graphite fiber. On the bigger pattern, the generation of 
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ers do not generate on the area where quartz is exposed. 
is EXAMPLE 9. 

As the another example of this invention, the substrate of a different construction is used 
Figure 6(a) is a cross-sectional view illustrating the construction of substrate used in this Examole C<* a h m< - a i 
layer of 250nm th,ckness is evaporated on a quartz plate 31 . and on the said layer qu^ layer 33 o7?nm? s trl^ k 

laS?s^^ 

By using said substrate, experiments are carried out by usina same oroci^ to c ¥amftJfl c ^ * u , 
grapKteftoer .observed on the exposed cobatt surface. ^ 

This state is schematically illustrated in figure 6(b). ^ generated. 

EXAMPLE 10. 

is ^at^o^^r^t °! dif,eren< SUbS,ra,e ' n ' i9ure 7 " metal *** ,s * er 32 01 250nm thickness 

? m ' S ' ayer quartz layer of 80nm thickness « to™* by Plasma CVD technique 

p^uSc^sl 6 ^ I T 32 rem0Ved by ^^P"**' techniqu^and thebottom^SS 
plate surface .s exposed. That ,s. the metal is exposed at the section of layer put between quartz layers 

nronnL , L 9 M * s^ 5 ™ 6 - experiments are carried out by using same process to Example 5. and the generation of 
graphrte fiber ,s observed on the exposed cobalt thin surface put between quartz layers However on me s^ce o 
quartz layer noth,ng is generated. This state is schematically illustrated in figure 7(b) 

i, JS^ 6 "TS?" tWS inV6nti0n PrWideS ,he pr0cess of Pacing graphite fiber locally, and by this process it 
.s possible to control the posrt.cn where fibers generate by submicron level precision. 

Claims 

1 ' .tE^^f Pr °^ Udn9 """P™" 0 a generation of the fber by chemical vapor deposition method 

s^lt "fTZZTT , indUdeS 08431/81 meta » 38 raw material - cnaracterS^us^ less rSe 
substance as a substrate and previously sticking carbon or metal at specific position of the substrate surface 

*s the substrate is thin film or fine particles. 

3 ' r^^ nr ^^^ 
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^Te^to^S^T 1 !'^ ° , daim Wh6rein 106 ^ to be ^ to the substrate is a 

^me^^e «^ ^ ~ ^ stcch-ometricaHy stabi- 

The process of producing graphite fber of claim 1. wherein the substrate is a laminated compound of carbon or 
™£ la /*r^ y StUCkt ° the SUbStra,e and »• of less reactive substance^ me^^e ^ 
luTce ^s s^r ^ " eXP ° Sed by «"** removin 9 the ^ °* reactive sub3Se of t£ 

The process of producing graphite ffoer of daim 1 . wherein the second layer of carbon or metal is partially removed 
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Figure 1 
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Figure 4 
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(54) Process of producing graphite fiber 

(57) A process of producing graphite fiber compris- 
ing a generation of the fiber by chemical vapor deposi- 
tion method using organic metal compound which 
includes catalyst metal as raw material, characterized to 
use less reactive substance as a substrate and previ- 
ously to stick carbon or metal at specific position of the 
substrate. And a process of producing graphite fibers by 
chemical vapor deposition method comprising an use of 
fine particles of nickel, iron or cobalt as catalyst and an 
use of organic compound as raw material, character- 
ized generating the ffoers at the range of temperature 
between 650°C and 800°C. 
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